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This study was carried out to determine the cytotoxic and genotoxic effects of bee venom (BV) and/or the chemotherapeutic
agent bleomycin (BLM) on healthy isolated rat lymphocytes utilizing morphometric and molecular techniques. Using the Ficoll-
Histopaque density gradient centrifugation technique, lymphocytes were isolated, divided into groups, and subjected to BV and/or
BLM at incubation medium concentrations of 10 or 20 ug/mL respectively for 24 and 72hrs. An MTT assay and fluorescent
microscopy examinations were used to assess the cytotoxic effects. To determine the predominant type of BV and/or BLM-induced
cell death, LDH release assay was employed beside quantitative expression analyses of the apoptosis-related genes (Caspase-3
and Bcl-2). The genotoxic effects of the tested compounds were evaluated via DNA fragmentation assay. The results of these
assays demonstrated that BV potentiates BLM-induced cytotoxicity through increased LDH release and diminished cell viability.
Nevertheless, BV significantly inhibited the BLM-induced DNA damage. The results verify that BV significantly attenuates the

genotoxic effects of BLM on noncancerous isolated rat lymphocytes but does not diminish BLM cytotoxicity.

1. Introduction

In recent decades, cancer has become one of the most
common causes of death, and it creates enormous health and
economic issues [1]. Unfortunately, despite the increasingly
curative role of chemotherapy in the treatment of various can-
cers, most chemotherapeutic agents are not precise or specific
enough to distinguish between neoplastic and healthy cells;
therefore, genotoxicity of chemotherapy often affects both
neoplastic and healthy cells equally [2], which may result in
the generation of secondary malignancies [3]. The anticancer
effects of many natural products have been documented [4].

Honeybee (Apis mellifera) venom (BV) tops the list of the
newly introduced natural anticancer agents [5]. The radio-
protective, antimutagenic, pain-relieving, anti-inflammatory;,
antiarthritic, antihyperalgesic, and antinociceptive effects of
BV have been documented [6-8].

BV is a highly complex blend of at least 18 active com-
ponents, including active peptides, enzymes, and amines that
contain histamine, catecholamines, polyamines, melittin, and
phospholipase A, [9]. Melittin, a highly basic polypeptide, is
the principal component of BV and constitutes approximately
50% of its dry weight [10].

Several studies have demonstrated that BV and/or melit-
tin have direct antitumor effects in vivo [11-13] and in vitro
on various types of cancerous cells, including liver [14],
bone [15], prostate, breast, cervical, and renal cancer cells
[16, 17]. Moreover, these studies cited several mechanisms
of BV cytotoxicity, including cell cycle alterations, effects
on proliferation and/or growth inhibition, and induction of
apoptosis or necrosis [18].

Despite this vast number of studies concerned with the
various mechanisms of BV cytotoxicity on cancer cells, only
very few reports are available on its effects on normal cells
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[19] and its potential to alter the cytogenetic toxicity effects of
anticancer antibiotics in normal cells.

Various drugs have been used to reduce the risk of de-
velopment of a variety of tumors through regulation of apop-
tosis [20], including the chemotherapeutic agent bleomycin
(BLM). BLM is a water-soluble antibiotic and a key element
in the gold standard chemotherapy regimens that are typically
used in the treatment of lymphomas and carcinomas [21].
Nevertheless, 46% of cases treated with BLM-containing
chemotherapy regimens suffer from various degrees of pul-
monary toxicity [22].

The process of apoptosis has been demonstrated to be
the primary mode of cell death in resting and cycling hu-
man lymphocytes exposed to BLM [23]through Caspase-
8 activation, suggesting the involvement of the extrinsic
pathway of apoptosis [24].

Previously studied cancer cell lines have illuminated
the mitigating effect of BV on the adverse effects of BLM
[25]. However, little is known regarding the combined effects
of BV and BLM on healthy isolated lymphocytes. There-
fore, the aim of this study was to evaluate the cytotoxicity
(MTT assay, LDH release percentage, fluorescent microscopy
examinations, and a quantitative expression analysis of the
apoptosis-related genes “Caspase-3 and Bcl-2”) and genotox-
icity (DNA fragmentation assay) of BV and its role in the
modulation of BLM-induced cellular alterations.

2. Materials and Methods

2.1. Animals. Adult male Sprague-Dawley rats (120-150 g)
were used in this study. They were obtained from the Lab-
oratory Animal farm of the Faculty of Veterinary Medicine
of Zagazig University and acclimated to the laboratory envi-
ronment for 2 weeks prior to use. The animals were housed
in stainless-steel cages, maintained in a 12 h light-dark cycle
at a controlled temperature (21-24°C) and relative humidity
(50-60%), and given standard diet and water ad libitum
throughout the study. The care and welfare of the animals
conformed to the guidelines of the Animal Use Research
Ethics Committee of Cairo University, Egypt.

2.2. Tested Compounds and Chemicals. Dried pure Egyptian
honeybee venom (Apis mellifera lamarckii) was obtained and
identified according to Schmidt [26] by the Bee Research
Department, Plant Protection Institute, Ministry of Agricul-
ture, Egypt. BLM was purchased from Nippon Kayaku Co.
Ltd. (Tokyo, Japan). All other reagents, chemicals, and culture
media used were of analytical grade and were purchased from
the Sigma-Aldrich Co. (St. Louis, MO, USA).

2.3. Preparation of Isolated Rat Lymphocytes. Whole blood
samples were collected in heparinized tubes from the retro-
orbital venous plexus through the medial canthus of the eye
from light ether anesthetized rats. Peripheral lymphocytes
were isolated using the Ficoll-Histopaque density gradi-
ent centrifugation technique according to M’Bemba-Meka
et al., [27]. After collection, the blood was diluted 50%
with balanced phosphate-buffered saline (PBS). The diluted
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blood samples were layered on top of Histopaque 1077
(Ficoll/sodium diatrizoate) and centrifuged at 400 xg for 30
minutes at room temperature. The mononuclear interphase
layer was taken and washed three times with Hank’s Balanced
Salt Solution (300 xg, 10 minutes). Following the last wash,
the cells were counted and resuspended in RPMI-1640 media,
pH 6.8, containing 25 mM Hepes, 15 yg/mL phytohemag-
glutinin, 10% fetal bovine serum, 100 U/mL penicillin, and
0.1% streptomycin to obtain a final concentration of 1 x 10°
cells/mL. Each freshly prepared cell suspension had 90% or
greater viability prior to each experiment.

2.4. Cultivation and Treatment of Isolated Peripheral Rat Lym-
phocytes. Isolated lymphocytes were cultivated in a sterilized
96-well tissue culture plate and immediately treated with BV
and/or BLM dissolved in RPMI-1640 media to obtain the final
concentration (10 g and 20 yg/mL of RPMI media, resp.).
These concentrations were chosen based upon a preliminary
study with different concentrations of both BLM and BV
(Data not shown). Control cells were treated only with RPMI
1640. The cells were then incubated for 24 and 72 hrs at 37°C
with 5% CO,. The cells were then collected and used for
assessment.

2.5. Lymphocyte Proliferation Assay. The lymphocyte repli-
cation rate was determined using the colorimetric lympho-
proliferative assay using MTT dye (3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyl-tetrazolium bromide) according to Bounous
etal. [28]. The assay was carried out in a 96-well microculture
plate and the optical density (OD) was measured spectropho-
tometrically after 4 hours at wavelength 570 nm. The repli-
cation index (RI) was calculated by applying the following
formula: RI = OD at 24 hr or 72 hr/OD at 0 hr. The viability
percentage was calculated as follows: (the absorbance of
treated groups/the absorbance of control group) x 100.

2.6. Lactate Dehydrogenase (LDH) Release Assay. Lympho-
cytes were evaluated for the presence of necrotic cell death by
measuring LDH release from cells into the culture medium
[29]. LDH release was quantified using ready-made detection
kits from Spinreact, S.A. (Ctra. Santa Coloma, Spain).

2.7. Lymphocyte Morphological Changes (Fluorescent Micros-
copy). Fluorescent microscopy examinations were employed
in this study to assess the morphological changes of iso-
lated lymphocytes [30]. A total of 200 yL from the control
and treated isolated lymphocytes was incubated with 2 uL
acridine orange and ethidium bromide (in PBS) to visualize
apoptotic cells. The cells were viewed using an OPTIKA, B-
353LD1, LED-Fluorescence Microscope at 20x using FITC
filter sets to excite (488 nm) and visualize (530 nm) stains.

2.8. DNA Fragmentation Assay. For quantification of DNA
cleavage, the DNA fragmentation assay was performed
using a diphenylamine colorimetric assay [31, 32]. Briefly,
treated cells were centrifuged at 300 g for 10 min to separate
the supernatant from cell pellets. One hundred microliter
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aliquots of supernatants (designated as S) were used for
DNA fragmentation assay. The cell pellets were lysed with
0.5mL of a hypotonic solution containing 10 mM Tris HCI,
pH 74, 1mM EDTA, and 0.2% Triton X-100. The lysate was
centrifuged for 10 min at 13,000 xg to separate high molecular
weight, intact chromatin (pellet, designated as B) from
cleaved, and low molecular weight DNA (top solution, des-
ignated as T). The supernatant (S), low molecular weight (T)
fractions and high molecular weight (B) fractions were pre-
cipitated overnight with 0.5mL of 25% trichloroacetic acid
(TCA), sedimented at 13,000 xg for 10 min, and hydrolyzed
in 80mL of 5% TCA at 90°C for 15min. All fractions
were incubated with 160 mL of the diphenylamine reagent
at 37°C for 4 hrs, in which 150 mg of diphenylamine was
dissolved in 10 mL of glacial acid; then 150 mL of concen-
trated sulfuric acid and 50 mL of acetaldehyde solution were
added and mixed well. The amount of DNA in each sample
was estimated from its absorbance at 570nm in a plate
spectrophotometer. The results were calculated using the
following equation:

(S+T)

% DNA fragmentation = [m
+T+

] %100, (1)

where S is the amount of DNA in the supernatant, T the
amount of low molecular weight cleaved DNA in the top
solution, and B the amount of high molecular weight, intact
chromatin DNA.

2.9. Expression of Apoptosis-Related Genes
(Caspase-3 and Bcl-2)

2.9.1. Total RNA Extraction and cDNA Synthesis. Total RNA
was extracted from control and treated lymphocytes using
the GeneJET RNA Purification kit (Fermantus, UK) follow-
ing the manufacturer’s protocol. The concentration and the
integrity of the RNA were assessed spectrophotometrically
at 260/280 nm ratio and by gel electrophoresis, respectively.
The first-strand cDNA was reverse-transcribed from 1ug
of total RNA using a Quantitect Reverse Transcription kit
(Qiagen, Germany) in accordance with the manufacturer’s
instructions. These samples were subsequently frozen at
—-80°C until they were used for the determination of the
expression level of Caspase-3, Bcl-2, and -actin genes using
real-time PCR.

2.9.2. Quantitative Real-Time-PCR. Quantitative real-time
PCR was performed on a Rotor-Gene Q cycler (Qiagen,
Germany) using QuantiTect SYBR Green PCR kits (Qia-
gen, Germany) and forward and reverse primers for
each gene. The sequences of the primers were as fol-
lows: Caspase-3 (NM_012922.2), forward primer: 5'-AAT-
TCAAGGGACGGGTCATG-3', reverse primer: 5'-GCT-
TGTGCGCGTACAGTTTC-3', Bcl-2 (AF512835.1), forward
primer: 5 -TTGACGCTCTCCACACACATG-3', reverse

primer: 5-GGTGGAGGAACTCTTCAGGGA-3' and f-
actin (NM_031144.3), forward primer: 5" - TTGCTGATC-
CACATCTGCTG-3', and reverse primer: 5-GACAGG-
ATGCAGAAGGAGAT-3'. The real-time PCR mixture con-
sisted of 12.5 yL 2x SYBR Green PCR Master Mix, 1uL of
each primer (10 pmol/uL), 2 uL ¢cDNA, and 8.5uL RNase
free water in a total volume of 25uL. The amplification
conditions and cycle counts were 95°C for 15min for the
initial activation, then 40 cycles of denaturation at 94°C for
155, annealing at 60°C for 30s, and elongation at 72°C for
30s. Melting curves were performed after real-time PCR to
demonstrate the specific amplification of single products of
interest. A standard curve assay was performed to determine
the amplification efficiency of the used primers. For each
group at the 24 and 72 hr after treatment time points, three
independent samples were assessed.

Relative fold changes in the expression of target genes
(Caspase-3 and Bcl-2) were accomplished using the compar-
ative 272" method [33] with the -actin gene as an internal
control to normalize the level of target gene expression.
AACT is the difference between the mean ACT (treatment
group) and mean ACT (control group), where ACT is the
difference between the mean CT gene of interest and the
mean CT internal control gene in each sample. Logarithmic
transformation was performed on fold change values before
being statistically analyzed, using the fold change values of
three replicates for each gene measured.

2.10. Data Analysis. The results were evaluated using one-
way analysis of variance (ANOVA) followed by Duncan’s
Multiple Range test [34]. Data were expressed as the mean
+ standard error (SE). The 0.05 level of probability was used
as the criterion for significance.

3. Results

3.1. Effects of BV and/or BLM on Cell Viability and Pro-
liferation. Cell survival was diminished significantly in all
treated groups relative to the control at both time points of
incubation (24 and 72 hrs), but BLM exceeded BV potency in
killing normal lymphocytes by 12.48% at the first time point
and this gap was reduced to 2.48% at the second time point.
The antiproliferative properties of both BV (0.685 + 0.01;
0.290+0.01) and BLM (0.497+0.00; 0.267+0.01) were evident
in comparison to the control (1.501+0.04; 0.946+0.03) at both
time points of incubation, but BLM and their combination
were more prominent than BV alone (Figures 1(a) and 1(b)).

3.2. Effects of BV and/or BLM on Lactate Dehydrogenase
(LDH) Release. After 24 hr of incubation, BV-treated lym-
phocytes exhibited markedly significant elevations in LDH
release (26.73 £ 1.67, P < 0.05), while BLM treated replicates
showed non-significant (13.55 + 1.53) increases; however, at
co-exposure to both BV and BLM, LDH release increased
significantly (21.45+1.65) in comparison to the control group
(12.93+0.97) (Figure 2). After 72 hr of incubation, all treated
lymphocytes released significantly more LDH relative to the
control group, but BV caused the highest LDH values.
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FIGURE I: Viability percentage (a) and replication index (b) after in vitro treatment of rat peripheral blood lymphocytes with BV (10 g/mL
of RPMI media) and BLM (20 yg/mL of RPMI media) and their combination for 24 or 72 hrs of incubation. Data are expressed as the mean
+ S.E. (n = 5 replicates). Bars carrying different superscripts at each time point are significantly different (one-way ANOVA) (P < 0.05).
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FIGURE 2: LDH release after in vitro treatment of rat peripheral
blood lymphocytes with BV (10 ug/mL of RPMI media) and BLM
(20 ug/mL of RPMI media) and their combination for 24 or 72 hrs
of incubation. Data are expressed as the mean + SE. (n = 5
replicates). Bars carrying different superscripts at each time point
are significantly different (one-way ANOVA) (P < 0.05).

3.3. Morphological Changes of BV and/or BLM Treated Lym-
phocytes. Fluorescence microscopy examinations of rat lym-
phocytes subjected to BV showed typical morphological
features of necrosis, including lytic cell membranes and
ruptured cells (Figures 3(b) and 3(c)); by contrast, apoptotic
cellular events were the prominent feature in the BLM treated
group and included chromatin condensation, cell shrinkage,

and cell death (Figures 3(d) and 3(e)). The BV and BLM
cotreated group contained different cells forms, including
normal, necrotic, and apoptotic cells (Figure 3(f)).

3.4. Effects of BV and/or BLM on DNA Fragmentation. Cells
exposed to BV alone did not display any significant increase
in fragmented DNA at both time points compared with
the untreated cells at P < 0.05 (Figure 4). However, BLM
treated lymphocytes exhibited markedly significant eleva-
tions in DNA fragmentation (36.01 + 2.60) at 24 hr after
treatment, and these elevations were significantly higher at
72 hr (47.03+2.13) in comparison to the control group. When
the chemotherapeutic BLM was cotreated with BV, DNA
fragmentation was reduced significantly to (23.03 + 1.76) and
(26.24 + 1.15) at 24 and 72 hr of incubation, respectively.

3.5. Effects of BV and/or BLM on Caspase-3 and Bcl-2 Expres-
sion Levels. As shown in the BLM treated group, the expres-
sion of Caspase-3 was significantly upregulated in the initial
24 hr relative to the controls (4.50+0.35-fold; P < 0.05); then,
the levels sharply increased at 72 hr after treatment (12.03 +
0.15-fold) (Figure 5). In the BLM plus BV group, Caspase-3
expression was similar to that in the BLM-only group at both
time points. In the BV treated group, however, there was a
non significant increase in Caspase-3 expression (1.60+0.21-
fold, similar to the control value) at 24 hr after treatment and
expression became significantly higher at 72 hr (4.07 + 0.49-
fold) in comparison to the control group. However, in the
BLM treated group and the BLM plus BV treated group,
the expression of Bcl-2 was significantly decreased at 24 hr
compared to the control group (0.59 + 0.05 and 0.61 + 0.05-
fold, respectively, P < 0.05). Additionally, this expression



BioMed Research International

FIGURE 3: Cell viability microphotographs represent (a) viable untreated rat peripheral blood lymphocytes, (b) and (c) cells with lytic
membranes and others in advanced stages of necrosis from the sample treated with BV (10 ug/mL), (d) and (e) apoptotic and dead cells
from the sample treated with BLM (20 ug/mL), and (f) viable (arrow head), apoptotic (thick arrow), and necrotic (thin arrow) lymphocytes

from samples treated with both BV and BLM.
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FIGURE 4: DNA fragmentation percentage of rat peripheral blood
lymphocytes after in vitro treatment with BV (10 ug/mL of RPMI
media) and BLM (20 pg/mL of RPMI media) and their combination
for 24 or 72 hrs of incubation. Data are expressed as the mean + S.E.
(n = 5 replicates). Bars carrying different superscripts at each time
point are significantly different (one-way ANOVA) (P < 0.05).

was downregulated at 72 hr after treatment (0.39 + 0.03 and
0.43+0.02-fold, resp.) relative to the controls. However, in BV
treated lymphocytes, Bcl-2 expression showed non significant
downregulation at 24 hr after treatment (0.91 + 0.03-fold),
which was sustained at nearly the same level at 72 hr after BV
treatment (0.87 + 0.07-fold) compared to the control group.

4. Discussion

Antineoplastic drugs are routinely used to combat different
types of cancer; yet most of these drugs have unwanted
genetic effects on healthy cells and undesirable side effects
[35]. BLM is a key component of curative chemotherapeutic
regimens used in the treatment of various malignancies.
However, BLM increases the risk for a life threating lung
injury and a wide variety of chromosomal aberrations in
noncancerous cells [21]. In addition to its diverse curative
applications, BV has been proven to be a useful com-
pound in potentiating the apoptotic killing capacity of some
chemotherapeutic agents such as BLM in cancer cell lines
[25, 36]. However, Park et al. [37] recorded the antiapoptotic
effect of BV against tumor necrosis factor (TNF)-a with
actinomycin D-induced apoptosis in normal hepatocyte cell
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FIGURE 5: Quantitative RT-PCR analysis of the fold change of Caspase-3 (a) and Bcl-2 (b) at various time points after different treatments
(relative to control). Data are expressed as the mean + S.E. (n = 3 replicates). Bars carrying different superscripts at each time point are

significantly different (one-way ANOVA) (P < 0.05).

lines. Hence, the purpose of the current study was to deter-
mine whether BV has the same effect as BLM on normal
isolated lymphocytes.

To determine the effects of BV on lymphocytes, several
techniques were adopted as sensitive methods for the eval-
uation of cytogenetic alterations [30]. An MTT reduction
assay and fluorescent microscopy examination were used
to evaluate cell survival, whereas the type of cell death
was determined using LDH release assay, key signature
of necrosis, and the expression level of apoptotic protein
Caspase-3 and the antiapoptotic gene Bcl-2. The genotoxic
effects were evaluated using the DNA fragmentation assay.

In the present study, the evaluation of cytotoxicity by
an MTT assay revealed that BV triggered the cytotoxic and
antiproliferative effects of BLM on noncancerous isolated rat
lymphocytes. The same result was observed in Chinese ham-
ster lung fibroblasts subjected to cotreatment with BV and
BLM [25]. Moreover, the inhibitory impact of BV solely on
cell viability and proliferation was observed in several types
of nontumor isolated cells (i.e., normal human lymphocytes)
and cell lines (human embryonic kidney HEK-293 cells and
normal Hef fibroblasts), as well as tumor cell lines (human
laryngeal HEp-2 and cervical carcinoma HeLa cells and their
drug resistant sublines, breast adenocarcinoma MCE-7 cells,
colon adenocarcinoma SW620 cells, and glioblastoma A1235
cells) [38, 39]. However, Kim et al. [40] noted that the
viability of an uninjured mouse hepatocyte cell line treated
with BV did not change significantly, although this was most
likely due to the minute concentration used (10 ng/mL).
Similarly, Garaj-Vrhovac and Gajski [41] declared that high
concentrations of BV (100 ug/mL) led to cellular instability
in human lymphocytes.

The aforementioned cytotoxic enhancement of BLM via
BV could possibly be attributed to the anticalmodulin activity
of the major BV component melittin, through the formation
of a calcium-dependent high-affinity complex of calmodulin
and melittin [42]. Calmodulin plays a vital role in normal
cell functions, such as extracellular calcium pumping via
calcium-magnesium ATPase,microtubule performance, and
activation of many intracellular enzymes, including protein
kinases, phosphatases, and cyclic nucleotide phosphodi-
esterase [43]. In addition, both calcium and magnesium play
remarkable roles in eliciting cell proliferation in normal cells
but not in cancer cells [44].

Apoptosis was shown to be the form of BV-induced
cell death in some cell-like synovial fibroblasts and vascu-
lar smooth muscle cells [45, 46], while novel studies had
described the necrosis of fibroblast-like synoviocytes, human
cervical carcinoma HeLa cells, and Chinese hamster lung
V79 fibroblasts upon exposure to BV [25, 47]. In this study,
most isolated lymphocytes subjected to BV were undergoing
very little apoptosis and predominantly necrosis, as indicated
by the superabundant release of LDH and morphological
analyses with fluorescence microscopy. These effects could
be mainly attributed to the amphipathic properties of the
melittin peptide that enable it to harm cell membrane bilayer
integrity, by either defecting, disrupting, or forming pores in
it [47]. Additionally, another constituent in BV, phospholi-
pase A2, catalyzed the hydrolysis of membrane glycerophos-
pholipid bonds, disrupting membrane integrity by releasing
lysophospholipids and fatty acids, which themselves may
further damage the membrane [48].In contrast, BLM was a
very weak LDH releaser compared to BV, which supports
the previous findings, confirming that plasma membrane



BioMed Research International

perturbations by BLM are not correlated with its cytotoxicity
[49].

In order to evaluate the genotoxic effects induced by
BLM-BV cotreatment, DNA fragmentation was analyzed.
Primarily, BLM alone generated an abundance of DNA
fragments, but when combined with BV, a pronounced
reduction in the percentage of DNA fragments was recorded.
Similar results were noted in normal human lymphocytes
[40]. However, Garaj-Vrhovac and Gajski [41] indicated that
high concentrations of BV can lead to DNA damage. The
potentially reduced genotoxicity of BV in normal cells may be
attributed to the high reactivity of BV against cell membrane
that results in cell killing without reaching the DNA and
exerting genotoxic effects and also the potential of BV to
activate the forkhead subfamily transcription factors FKHR
and FKHRI, which have been proven to have the ability to
repair damaged DNA [38, 47].

Although there are many features of apoptosis, its hall-
mark is the expression of groups of gene known as caspases
and their regulation by antiapoptotic proteins such as Bcl-2
[50]. Caspase-3 in particular is one of the key executioners
of apoptosis and is either partially or wholly responsible for
the proteolytic cleavage of many proteins [51], and Bcl-2
represents an evolutionarily conserved apoptotic regulator.

Therefore, in the present context, the expression of
Caspase-3 gene and antiapoptotic Bcl-2 was studied to
better understand the molecular mechanisms involved. Our
data showed that BLM treatment resulted in a progressive
upregulation of Caspase-3 protein and downregulation of
Bcl-2, but BV showed little expression of Caspase-3 with no
significant effect on Bcl-2. There are conflicts in previous
studies regarding differences in the gene expression between
normal cells and cancerous cells. BV induced apoptosis in
a calcium-dependent and caspase-independent pathway in
human melanoma A2058 cells but not in normal skin fibrob-
last Detroit 551 cells [52]. Also, Ip et al. [50] confirmed that
BV induced cell cycle arrest and apoptosis in human cervical
epidermoid carcinoma Ca Ski cells through both caspase-
dependent and caspase-independent pathways. However, Lee
et al. [38] noted that the cause of this conflict may be the
fact that BV possesses selective cytotoxic properties in both
normal and cancerous cells.

Collectively, the results of this study suggested that BV
enhanced BLM-killing potential in noncancerous cells, but
these cellular events were not accompanied by the activation
of the apoptotic machinery or genotoxic alterations. Hence, in
view of our results, BV can be used to improve the efficacy of
customary chemotherapeutic agents and alleviate the danger
of secondary malignancies.

Conflict of Interests

The authors declare that there are no conflicting interests.

Acknowledgments

This work was financially supported by the King Abdulaziz
City for Science and Technology, Riyadh, Saudi Arabia.

It was also supported by the NPST Health Research and
Studies program at King Saud University. The authors are also
thankful to Dr. Abeer Mohamed Anwar, a researcher in the
Immunobiology and Immunopharmacology Unit, Animal
Reproduction Research Institute (ARRI), for her guidance
and support throughout the work.

References

[1] A. Jemal, F. Bray, M. M. Center, J. Ferlay, E. Ward, and D.
Forman, “Global cancer statistics,” CA: Cancer Journal for
Clinicians, vol. 61, no. 2, pp. 69-90, 2011.

[2] L. R. Ferguson and A. E. Pearson, “The clinical use of muta-
genic anticancer drugs,” Mutation Research—Fundamental and
Molecular Mechanisms of Mutagenesis, vol. 355, no. 1-2, pp. 1-12,
1996.

[3] R. A. D. Santos and C. S. Takahashi, “Anticlastogenic and
antigenotoxic effects of selenomethionine on doxorubicin-
induced damage in vitro in human lymphocytes,” Food and
Chemical Toxicology, vol. 46, no. 2, pp. 671-677, 2008.

[4] A. Bhanot, R. Sharma, and M. N. Noolvi, “Natural sources as
potential anti-cancer agents: a review;” International Journal of
Phytomedicine, vol. 3, no. 1, pp. 9-26, 2011.

[5] G. Gajski and V. Garaj-Vrhovac, “Bee venom induced cytoge-
netic damage and decreased cell viability in human white blood
cells after treatment in vitro: a multi-biomarker approach,
Environmental Toxicology and Pharmacology, vol. 32, no. 2, pp.
201-211, 2011.

[6] H. J. Park, S. H. Lee, D. J. Son et al., “Antiarthritic effect of
bee venom: inhibition of inflammation mediator generation
by suppression of NF-«B through interaction with the p50
subunit,” Arthritis and Rheumatism, vol. 50, no. 11, pp. 3504-
3515, 2004.

[7] D. H. Roh, Y. B. Kwon, H. W. Kim et al., “Acupoint stimula-
tion with diluted bee venom (apipuncture) alleviates thermal
hyperalgesia in a rodent neuropathic pain model: involvement
of spinal a2-adrenoceptors,” Journal of Pain, vol. 5, no. 6, pp.
297-303, 2004.

[8] D.J. Son, J. W. Lee, Y. H. Lee, H. S. Song, C. K. Lee, and J. T.
Hong, “Therapeutic application of anti-arthritis, pain-releasing,
and anti-cancer effects of bee venom and its constituent com-
pounds,” Pharmacology and Therapeutics, vol. 115, no. 2, pp.
246-270, 2007.

[9] N. Orsoli¢, “Bee venom in cancer therapy,” Cancer and Metas-
tasis Reviews, vol. 31, pp- 173-194, 2012.

[10] H. Vogel, “Incorporation of melittin into phosphatidylcholine
bilayers. Study of binding and conformational changes,” FEBS
Letters, vol. 134, no. 1, pp. 37-42, 1981.

X. Liu, D. Chen, L. Xie, and R. Zhang, “Effect of honey bee
venom on proliferation of K1735M2 mouse melanoma cells in-
vitro and growth of murine B16 melanomas in-vivo,” Journal of
Pharmacy and Pharmacology, vol. 54, no. 8, pp. 1083-1089, 2002.

[12] N. Oroli¢, L. Sver, S. Verstovéek, S. Terzié, and I Bagié,
“Inhibition of mammary carcinoma cell proliferation in vitro
and tumor growth in vivo by bee venom,” Toxicon, vol. 41, pp.
861-870, 2003.

P.J. Russell, D. Hewish, T. Carter et al., “Cytotoxic properties of
immunoconjugates containing melittin-like peptide 101 against
prostate cancer: in vitro and in vivo studies,” Cancer Immunol-
ogy, Immunotherapy, vol. 53, no. 5, pp. 411-421, 2004.

(11

(13



(14]

(15]

(16]

(17]

(20]

(21]

(22

[24

[25]

[26]

(27]

(28]

(30]

S. Liu, M. Yu, Y. He et al., “Melittin prevents liver cancer cell
metastasis through inhibition of the Racl-dependent pathway,”
Hepatology, vol. 47, no. 6, pp. 1964-1973, 2008.

S. T. Chu, H. H. Cheng, C. J. Huang et al., “Phospholipase A2-
independent Ca®" entry and subsequent apoptosis induced by
melittin in human MG63 osteosarcoma cells,” Life Sciences, vol.
80, no. 4, pp. 364-369, 2007.

M. H. Park, M. S. Choi, D. H. Kwak et al., “Anti-cancer effect of
bee venomin prostate cancer cells through activation of caspase
pathway via inactivation of NF-«B,” Prostate, vol. 71, no. 8, pp.
801-812, 2011.

J. H. Park, Y. J. Jeong, K. K. Park et al., “Melittin suppresses
PMA-induced tumor cell invasion by inhibiting NF-xB and AP-
I-dependent MMP-9 expression,” Molecules and Cells, vol. 29,
no. 2, pp. 209-215, 2010.

G. Gajski and V. Garaj-Vrhovac, “Melittin: a lytic peptide
with anticancer properties,” Environmental Toxicolology and
Pharmacology, vol. 36, no. 2, pp. 697-705, 2013.

G. Gajski, A. M. Domijan, and V. Garaj-Vrhovac, “Alterations
of GSH and MDA levels and their association with bee venom-
induced DNA damage in human peripheral blood leukocytes,”
Environmental and Molecular Mutagenesis, vol. 53, no. 6, pp.
469-477, 2012.

J. Chen and]J. Stubbe, “Bleomycins: towards better therapeutics,”
Nature Reviews Cancer, vol. 5, no. 2, pp. 102-112, 2005.

M. Froudarakis, E. Hatzimichael, L. Kyriazopoulou et al,
“Revisiting BLM from pathophysiology to safe clinical use;
Critical Reviews in Oncology/Hematology, vol. 87, no. 1, pp. 90-
100, 2013.

S. Sleijfer, “Bleomycin-induced pneumonitis;,” Chest, vol. 120,
no. 2, pp. 617-624, 2001.

J. Cloos, C. B. A. Reid, M. L. T. van der Sterre et al., “A
comparison of bleomycin-induced damage in lymphocytes and
primary oral fibroblasts and keratinocytes in 30 subjects,”
Mutagenesis, vol. 14, no. 1, pp. 87-93, 1999.

S. B. Wallach-Dayan, G. Izbicki, P. Y. Cohen, R. Gerstl-Golan,
A. Fine, and R. Breuer, “Bleomycin initiates apoptosis of lung
epithelial cells by ROS but not by Fas/FasL pathway, The
American Journal of Physiology—Lung Cellular and Molecular
Physiology, vol. 290, no. 4, pp. L790-L796, 2006.

N. Orsoli¢, “Potentiation of BLM lethality in HeLa and V79 cells
by bee venom,” Archives of Industrial Hygiene and Toxicology,
vol. 60, pp. 317-326, 2009.

J. O. Schmidt, “Chemistry, pharmacology and chemical ecology
of ant venoms,” in Venoms of the Hymenoptera, T. Piek, Ed., pp.
425-508, Academic Press, London, UK, 1986.

P. M'Bemba-Meka, N. Lemieux, and S. K. Chakrabarti, “Role
of oxidative stress, mitochondrial membrane potential, and cal-
cium homeostasis in nickel sulfate-induced human lymphocyte
death in vitro;” Chemico-Biological Interactions, vol. 156, no. 1,
pp. 69-80, 2005.

D. I. Bounous, R. P. Campagnoli, and J. Brown, “Comparison
of MTT colorimetric assay and tritiated thymidine uptake for
lymphocyte proliferation assays using chicken splenocytes,”
Avian Diseases, vol. 36, no. 4, pp. 1022-1027, 1992.

G. Fotakis and J. A. Timbrell, “In vitro cytotoxicity assays:
comparison of LDH, neutral red, MTT and protein assay in
hepatoma cell lines following exposure to cadmium chloride,”
Toxicology Letters, vol. 160, no. 2, pp. 171-177, 2006.

R. C. Duke and J. J. Cohen, “Morphological and biochemical
assays of apoptosis,” in Current Protocols in Immunology, J. E.

[31

(32

(33

[34

[35

(36

(37

[38

(41

(42

(43

]

]

]

]

]

BioMed Research International

Coligan and A. M. Kruisbeal, Eds., pp. 1-3, John Wiley & Sons,
New York, NY, USA, 1992.

W. C. Liles, D. C. Dale, and S. J. Klebanoff, “Glucocorticoids
inhibit apoptosis of human neutrophils,” Blood, vol. 86, no. 8,
pp. 3181-3188, 1995.

M. K. T. Squier and J. J. Cohen, “Calpain, an upstream regulator
of thymocyte apoptosis,” Journal of Immunology, vol. 158, no. 8,
pp. 3690-3697, 1997.

K. J. Livak and T. D. Schmittgen, “Analysis of relative gene
expression data using real-time quantitative PCR and the 2-
AACT method,” Methods, vol. 25, no. 4, pp. 402-408, 2001.

D. B. Duncan, “Multiple ranges and multiple F-test,” Biometrics,
vol. 11, pp. 1-42, 1995.

P. Venkatachalam, V. R. Jayanth, and F D. Solomon, “Paul
modifications of BLM induced cytogenetic damages by 2-
deoxy-D-glucose on normal and tumor cells,” International
Journal of Human Genetics, vol. 7, pp. 307-314, 2007.

M. Jo, M. H. Park, P. S. Kollipara et al., “Anti-cancer effect of
bee venom toxin and melittin in ovarian cancer cells through
induction of death receptors and inhibition of JAK2/STAT3
pathway;” Toxicology and Applied Pharmacology, vol. 258, no. 1,
pp. 72-81, 2012.

J. H. Park, K. H. Kim, S. J. Kim, W. R. Lee, K. G. Lee, and K.
K. Park, “Bee venom protects hepatocytes from tumor necrosis
factor-« and actinomycin D;” Archives of Pharmacal Research,
vol. 33, no. 2, pp. 215-223, 2010.

Y. J. Lee, S. J. Kang, B. M. Kim, Y. J. Kim, H. D. Woo, and H.
W. Chung, “Cytotoxicity of honeybee (Apis mellifera) venom
in normal human lymphocytes and HL-60 cells;” Chemico-
Biological Interactions, vol. 169, no. 3, pp. 189-197, 2007.

G. Gajski, T. Cimbora-Zovko, M. Osmak, and V . Garaj-
Vrhovac, “Bee venom and melittin are cytotoxic against different
types of tumor and non-tumor cell lines in vitro,” Cancer
Research Journal, vol. 4, pp. 159-174, 2011.

K. H. Kim, Y. S. Kum, Y. Y. Park et al, “The protective
effect of bee venom against ethanol-induced hepatic injury
via regulation of the mitochondria-related apoptotic pathway,”
Basic and Clinical Pharmacology and Toxicology, vol. 107, no. 1,
pp. 619-624, 2010.

V. Garaj-Vrhovac and G. Gajski, “Evaluation of the cytogenetic
status of human lymphocytes after exposure to a high concen-
tration of bee venom in vitro,” Archives of Industrial Hygiene and
Toxicology, vol. 60, no. 1, pp. 27-34, 2009.

Y. Tanaka, S. Takahashi, Y. Mitsui et al., “X-ray Crystallographic
and chromatographic characterization of the crystals of Ca**-
calmodulin complexed with bee venom melittin,” Journal of
Molecular Biology, vol. 186, no. 3, pp. 675-677, 1985.

B. Weiss and T. L. Wallace, “Mechanism and pharmacological
implications of altering calmodulin activity, in Calcium and
Cell Function, W. Y. Cheung, Ed., vol. 1, pp. 329-379, Academic
Press, New York, N, USA, 1980.

J. E Whitfield, A. L. Boynton, J. P. Macmanus, M. Sikorska, and
B. K. Tsang, “The regulation of cell proliferation by calcium and
cyclic AMP;” Molecular and Cellular Biochemistry, vol. 27, no. 3,
pp. 155-179, 1979.

S. J. Hong, G. S. Rim, H. I. Yang et al., “Bee venom induces
apoptosis through caspase-3 activation in synovial fibroblasts
of patients with rheumatoid arthritis,” Toxicon, vol. 46, no. 1, pp.
39-45, 2005.

D.J. Son, S. ]. Ha, H. S. Song et al., “Melittin inhibits vascular
smooth muscle cell proliferation through induction of apop-
tosis via suppression of nuclear factor-«B and Akt activation



BioMed Research International

(47

(48

]

and enhancement of apoptotic protein expression,” Journal of
Pharmacology and Experimental Therapeutics, vol. 317, no. 2, pp.
627-634, 2006.

K. M. Stuhlmeier, “Apis mellifera venom and melittin block
neither NF-xB-p50-DNA interactions nor the activation of NF-
«B, instead they activate the transcription of proinflammatory
genes and the release of reactive oxygen intermediates,” Journal
of Immunology, vol. 179, no. 1, pp. 655-664, 2007.

C.L.Ownby, J. R. Powell, M. S. Jiang, and J. E. Fletcher, “Melittin
and phospholipase A2 from bee (Apis mellifera) venom cause
necrosis of murine skeletal muscle in vivo,” Toxicon, vol. 35, no.
1, pp. 67-80, 1997,

B. Poddevin, S. Orlowski, J. Belehradek, and L. M. Mir, “Very
high cytotoxicity of bleomycin introduced into the cytosol of
cells in culture;” Biochemical Pharmacology, vol. 42, pp. S67-S75,
1991.

S. W.Ip, S. S. Liao, S. Y. Lin et al., “The role of mitochondria in
bee venom-induced apoptosis in human breast cancer MCF7
cells,” In Vivo, vol. 22, no. 2, pp. 237-246, 2008.

G. M. Cohen, “Caspases: the executioners of apoptosis,” Bio-
chemical Journal, vol. 326, no. 1, pp. 1-16, 1997.

W. C. Tu, C. C. Wy, H. L. Hsieh, C. Y. Chen, and S. L. Hsu,
“Honeybee venom induces calcium-dependent but caspase-
independent apoptotic cell death in human melanoma A2058
cells,” Toxicon, vol. 52, no. 2, pp. 318-329, 2008.



